EXTANT TAXA Dissections: TESTUDINES: CRYPTODIRA Carettochelyidae: Carettochelys insculpta ZFMK 94265, fluid specimen. ZFMK 94266, fluid specimen. ZSM 374/2001, fluid specimen. Uncatalogued fresh specimen, donated by M. Baur (Reptilienauffangstation München, Munich, Germany) to M. Lambertz.
Supplementary Discussion : Homology and terminology of the respiratory muscles in turtles The body wall of amniotes is composed of a complicated set of muscles that is subdivided into an epaxial and a hypaxial group 13 . The hypaxial group plays a crucial role in breathing, but is also involved in locomotion, which results in a mechanical conflict between respiration and locomotion 8, 9 . Of these hypaxial muscles, which are divided into layers with different fiber orientations 13 Table   1 for a summary of the main muscles and their synonmy.
M. obliquus
In most extant amniotes, the abdominal M. obliquus occurs as a M. obliquus externus lateral to the ribs and as a M. obliquus internus medial to them. Both M. obliquus groups can be further subdivided 13 . The M. obliquus-complex extends between the shoulder and pelvic girdles and originates from tendinous sheaths attached to each dorsal rib ( Fig. 2d ) in tuataras (Sphenodon punctatus) 32 . A nearly identical condition is found in squamates 32, 56 and is inferred to represent the basal amniote condition 2 . The M. obliquus is innervated by the caudal intercostal nerves S1 .
In turtles a single element from the abdominal M. obliquus group, usually designated the M. obliquus abdominis 5 (but see the M. abdominis lateralis of Ogushi 16 ), is present (Fig. 1b to c, 2a to c, . Although Rathke 45 homologized the muscle in question to the M. obliquus internus (as M. obliquus internus abdominis), its derivation, in part, from the M. obliquus externus cannot be excluded.
Indeed, the fragmentary appearance of the chelonian M. obliquus abdominis ( Supplementary Fig. 1a ) suggests it may derive from multiple sources, although additional developmental data are needed. The chelonian M. obliquus abdominis is a highly modified, inverted cup-shaped muscle located cranial to each hindlimb that originates on the caudolateral portion of the carapace and plastron and inserts on the As in other amniotes, it is innervated by the caudal intercostal nerves 5 .
M. transversus
In tetrapods, the abdominal M. transversus is the deepest layer of the hypaxial body wall muscles. In Sphenodon punctatus the M. transversus ( Fig. 2e to f) lies just superficial to the peritoneum, separated by the transversalis fascia, and extends continuously between the first dorsal rib that connects to the sternum through the last prepelvic rib 32 . The M. transversus originates via tendinous sheaths from the ventral surface of each bony rib. The fibers of the three cranial-most bundles insert on the dorsolateral margin of the sternum, whereas those of the remaining bundles insert into a tendinous aponeurosis that stretches over the ventral body midline, covering the peritoneum 52 ( Fig.   2e to f) A nearly identical condition is found in squamates 32, 56 and was inferred to represent the ancestral amniote condition 2 . The M. transversus can be further subdivided into the M. transversus thoracis and M. transversus abdominis 32,56,S2 both of which are innervated by the ventral rami of the spinal nerves 32 .
In most species of turtles, a tendinous aponeurosis separates the thoracic and abdominal elements of the M. transversus (Fig. 1b to c, 2a to c, and Supplementary Figs. [1] [2] . However, in some species (e.g. Pelodiscus sinensis; Supplementary Fig. 1b ), the two elements nearly converge medially to form a complete muscular sheath, resembling the plesiomorphic condition (e.g. Sphenodon punctatus, Fig. 2e ).
Like most previous authors, we identify the caudal portion of the M. transversus as the M. transversus abdominis 5, 7, 11, 12, 14, 48 (but see Ogushi 16 who termed the entire sheath in P. sinensis the M. tensor pleuro-peritonei). The M. transversus abdominis originates from the posterior portion of the carapace (generally dorsal ribs five, six, or seven) and inserts into a tendinous aponeurosis ventrally ( Fig. 1b to c, 2a The turtle M. transversus thoracis originates on the ventral side of the cranial portion of the carapace (generally dorsal ribs two and three), and encapsulates the anterior portion of the coelomic cavity and thereby also the cranial portion of the lungs 36,37 ( Fig. 1b to c, 2a to c, and Supplementary Figs. 1-2) . The M. transversus thoracis inserts ventrally into a tendinous aponeurosis that stretches over the entire width of the ventral peritoneum, similarly to the M. transversus abdominis. The M. transversus thoracis is innervated by the posterior (= ventral, see below) rami of the spinal nerves (Bojanus 5 termed the muscle "M. diaphragmaticus"). Ogushi 16 described a corresponding innervation for the cranial portion of his "M. tensor pleuro-peritonei" (of which our M. transversus thoracis represents the anterior portion) and further stated that Pelodiscus sinensis has an anterior and a posterior ramus of the associated spinal nerve, the latter innervating the "M. tensor pleuro-peritonei." He furthermore convincingly demonstrated the homology of these rami with the dorsal (= turtle anterior) and ventral (= turtle posterior) rami of other vertebrates, thus revealing another source for confusion regarding the homology of this muscle. Due to the upright posture of humans, human anatomists refer to the dorsal rami of the spinal nerves as the "posterior rami" and the ventral rami of the spinal nerves as the "anterior rami" S3 ; the spatial terminology is the other way around in quadrupeds, including turtles.
A muscle named "M. diaphragmaticus" was recognized by Bojanus 5 in Emys orbicularis (Fig. 2a ). This muscle originates from the same position as the M. transversus thoracis (see above) and at least the dorsal portion also runs superficial to the peritoneum 5,15,16 ( Fig. 2a ). However, it does not extend as far ventrally along the peritoneum as does the M. transversus thoracis of Pelodiscus sinensus. Instead it only dorsally and cranially (and partly laterally) envelops the cranial part of the lung. It is also found in the intracoelomic Septum postpulmonale directly ventral to the lungs and thus lies within the coelomic cavity 15, 36, 37 . Unfortunately, muscles with identical names but doubtful homology have been described in turtles, mammals and crocodiles 2 . The M. diaphragmaticus of mammals and crocodilians is caudal to the lungs, whereas the "M.
diaphragmaticus" of turtles is cranial and ventral to the lungs (Fig. 1b to c, 2a to c, and Supplementary Figs. 1-2) and there is widespread agreement that these muscles are not homologous among the three groups 2 . Rather the "M. diaphragmaticus" of turtles has a similar origination on the ventral portion of the dorsal ribs, a similar position superficial to the peritoneum, and the same innervation pattern 5, 15, 16 (Fig. 1b to c, 2a to c, and Supplementary Figs. 1-2) as the M. transversus thoracis of other amniotes, and we therefore consider it homologous to that muscle.
Other muscles used in turtle respiration:
One muscle associated with the shoulder girdle, the M. serratus (Fig. 2a) , is also directly involved in turtle lung ventilation (Supplementary Discussion 1). This muscle was named M. serratus magnus by Bojanus 5 and M. carapaco-scapulo-coracoideus by Ogushi 16 . We recommend maintaining use of the name M. serratus until embryological data disprove its homology to the M. serratus of other tetrapods, which not only exhibits a corresponding topography but is also known to serve an inspiratory function in humans S3 . Also the M. pectoralis (Fig. 2a ), through its ability to retract the anterior extremities, can be recruited for ventilation. The M. pectoralis is only one example of a diverse suite of girdle-associated, mainly locomotory muscles, that can contribute to chelonian breathing 10 .
Finally, some turtles have a very thin and enigmatic muscle that is directly Its homology is unknown and its function has never been studied.
Supplementary Methods : List of material analyzed by the authors Uncatalogued fresh specimen, donated by M. Baur (Reptilienauffangstation München, Munich, Germany) to M. Lambertz.
Testudinidae
Geochelone elegans ZFMK uncatalogued, fluid specimen.
Testudo hermanni
Rheinische Friedrich-Wilhelms-Universität Bonn uncatalogued, four fresh specimens.
Trionychidae
Pelodiscus sinensis PIMUZ lab#2009.72IW, fluid specimen ( Supplementary Fig. 1b ).
TESTUDINES: PLEURODIRA Chelidae
Chelus fimbriatus ZFMK uncatalogued, fluid specimen Emydura subglobosa USNM 574459, fluid specimen (Fig. 2 2f ).
FOSSIL MATERIAL Eunotosaurus africanus:
AM 5999: impression of a nearly complete articulated specimen with an articulated shoulder girdle. BP/1/7198: disarticulated dorsal ribs and vertebrae. BP/1/7027: fragmentary dorsal ribs and vertebrae. BP/1/7024: posterior two thirds of an axial skeleton ( Fig. 3c and Supplementary Fig.  4 ). BP/1/6218: posterior two thirds of an axial skeleton and portions of the pelvis. BP/1/5677: fragmentary dorsal ribs and vertebrae. BP/1/3514: disarticulated dorsal vertebrae and ribs. BP/1/3515: disarticulated dorsal vertebrae and ribs. BMNH R 1968 (Holotype): disarticulated dorsal vertebrae and associated dorsal ribs and associated limb elements. BMNH R 4949: disarticulated dorsal vertebrae and associated dorsal ribs.
